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Abstract 

We present an approach to study the decay modes of the J/ip into a vector me- 
son and a tensor meson, taking into account the nature of the /2(1270), /2(1525), 
X|''(1430) resonances as dynamically generated states from the vector meson- vector 
meson interaction. We evaluate four ratios of partial decay widths in terms of a flavor 
dependent OZI breaking parameter and the results obtained compare favorably with 
experiment, although the experimental uncertainties are still large. Further refine- 
ments of the data would provide a more stringent test on the theoretical approach. 
The fit to the data is possible due to the particular strength and sign of the couplings 
of the resonances to pairs of vector mesons given by the theory. 



1 Introduction 

The decay of J/ip into a vector meson or a; and a scalar meson (j(600) or /o(980) was 
used in [1H1| as a test of chiral dynamics and the dynamically generated character of the 
low lying scalar mesons cr(600) and /o(980). The process proceeds through an OZI vio- 
lating strong interaction, which makes complicated its quantitative microscopical study. 
On the other hand the reaction offers a genuine simplifying factor since the J/ip, a cc 
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state, qualifies as a singlet of SU(3) and then one can relate the J/ifj decays into or 
u and the different scalar mesons, up to a global normalization factor, which would en- 
tail the difficulties of a microscopic evaluation. The use of chiral dynamics, assuming 
the low energy scalars as dynamically generated mesons [H4TT]. allowed a good repre- 
sentation of the experimental data for this set of J/ip decays. Analogous to the decay 
modes mentioned above are the modes J/ip — t- 0(a;)/2(127O), J/ip — )■ 0(c(;)/2(1525) and 
J/ip — > i^*''(892)^2 °(1430). The novelty is that one is replacing the scalar states by 
the tensor resonances /2(1270),/2(1525),ir^°(1430). Recent steps generating dynamically 
some mesons from the interaction of pairs of vector mesons allow us to retake the ideas 
of P-Sj and extend them to the J / ip decay into a vector meson and this new family of ten- 
sors. Indeed, in [12] it was shown that the /2(1270) and /o(1370) states appear naturally as 
bound states of pp using the interaction provided by the hidden gauge Lagrangians [T3HT5] . 
An extension to SU(3) of the former work [T6j, studying the interaction of pairs of vec- 
tors, shows that there are 11 states dynamically generated, some of which can clearly be 
associated to known resonances. The /2(1270), /2(1525), °(1430) resonances are some 
of those appearing clearly in that latter work. In view of this, one can take the vector- 
vector components of these states, provided in terms of the couplings of the resonances 
to the different vector-vector states, and using similar arguments as done in [1]-H] one can 
make predictions for the ratios of the partial decay widths into all these channels. The 
approach turns out to be rewarding. In terms of one necessary parameter appearing in the 
approach, one can make predictions for the ratios of all these partial decay widths, which 
are in agreement with data. 



2 Formalism for J/^ — > VT 

Following the usual approach to deal with dynamically generated resonances one has to 
couple the external sources to the components of these states, which then interact among 
themselves to provide the resonances. In this case, the primary study has to be J/iIj — )■ 
VV'V, where V'V are the pairs of vector mesons that lead to the desired resonances upon 
interaction. 

Following Ref. [1] we depict in Fig{T] the mechanisms violating OZI that lead to the 
primary step J/i/j ^ VV'V. The sum of these two mechanisms indicate that the lower qq 
pair in the figure that hadronizes into V'V can be either ss or uu + dd (to respect isospin 
symmetry). In Ref. jl] this was taken into account empirically in terms of a parameter, 
such that the combination in the lower part of the diagram was given by 

ss + X^—^{uu + dd) (1) 
v2 

up to a global normalization factor. Further studies in Ref. |T] allowed to relate the 
J/ip ^ UTiTT decay amplitude to the A,^ parameter. In Ref. [2] a group theoretical approach 
was used which was equivalent to the one of Ref. [T]. We follow here the approach of 
Ref. |2]. 
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Figure 1: Two different OZI forbidden mechanisms of J/iJj (pV'V. 

CI qq(uu+dd+ss) 



Figure 2: A schematic representation of qq qq{uu + dd + ss). 



By taking cu, 4> to be ideal mixtures of singlet and octet SU(3) states we have 



ss 



00 — —j= [uu + dd) 
v2 



(2) 



In this sense, the J/il) ^ (j)ss — )■ (pV'V and J/t/j ^ (j)^{uu + dd) (t)V'V' amplitudes 
will involve matrix elements of 



and 



T 



(3) 



(4) 



respectively, where |0) signifies the SU(3) singlet corresponding to the J/ if) state. Taking 



into account that T is SU(3) invariant, we obtain the amphtudes 



3 3 



and 



2.(1,1) _ V^y(8,i 

3 3 



(5) 



for the two possibihties. Similarly the J/-?/; — )■ ujss — )■ ujV'V' and J jtp ^ u^{uu + dd) — )■ 
uVV would have the amplitudes 



-v. 



T 



(6) 



which in terms of T'^^'^-' and T*^®'*) read as 



T 



(7) 



3 3 



V-3.{1,1) _ V-y(8,8) 2^(1,1) 1^(8,* 

3 3 



respectively. 

Since we will not be interested in the absolute normalization, we can work with the 
ratio of amplitudes 



(9) 



and the amplitudes of Eqs. ( ISllSl) are given in Table [H 



Table 1: Transition amplitudes oi J/ip ^ and extra components ss, -^{uu + dd) 

that hadronize later into V'V. Also the transition amplitude for J/ip ^ K*^ and sd that 
hadronizes latter. 





production 


u production 


production 


lower ss 


3^3 


3 3 




lower -^{uu + dd) 


3 ^ 3 


3^ ^ 3 




lower sd 






1 



The case of i^*(892) production is easier since it has only an SU(3) octet component. 
Hence, the amplitude for J/ip ^ K*{892)qq is T^^'^\ or simply unity after the normaliza- 
tion of Eq. ©. 
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The next step is to see how the lower qq components in the diagrams of Fig. [T]hadronize 
into V'V , as depicted in Fig. |2l For this we follow the quark line counting. The usual 
SU(3) meson matrix in terms of qq is given by 



M 



I uu ud us' 
du dd ds 
\ su sd ss ^ 



with the property that 



M ■ M = M X iuu + dd + ss). 



(10) 



This symbolizes the hadronization process implicit in the diagram of Fig. [2j We can write 
the meson matrix M in terms of the vector states 



V 



V 



K*- 



'*0 



:i2) 



J 



such that V • V will be equivalent to M ■ M 

V • V = M X (uu + dd + ss) 



(13) 



and hence, the matrix elements of M prior to hadronization can be associated to V ■ V, 
which will give us the weight of the different vector- vector components after hadronization. 
Hence, we associate 

ss ^ K*-K*+ + K*^K*'^ + 00, (14) 

-^{uu + dd) ^(pV + p+p" + p"p+ + wcj + K*+K*- + K*^K*°). (15) 

In order to project these combinations onto the physical states of pp, K*K*, uu, 00 
with isospin 0, we recall the normalization and phases used in Ref. [16], p^ = — 11,+1), 
K*~ = — 1 1/2,— 1/2) and the unitary normalization (an extra factor ^ in the case of 
identical particles, or symmetrized ones, to ensure the resolution of identity in the sum 
over intermediate states): 



\ppj 


= 0) 


K*K*,I 


= 0) 


\uu, I 


= 0) 


100, J 


= 0) 



oO ^0 



1 

"2^2 

1 , 
—=\uu 

1 

V2 



(16) 



Thus, the hadronized ss, -^{uu + dd) components lead to the weights of Table [2l 
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Table 2: Weights of ss and -j^{uu + dd) into the different / = V'V components. 





PP 


K*K* 


WW 




lower ss 





1 





1 


lower ^ (mm + dd) 


2 


1 

2 


1 

2 






Table 3: Weights for the processes J/ip (j){uj)V'V' with V'V in isospin 7 = 0. 





PP 






00 




-76(^-1) 


(2Z.+ 1) 


372(^-1) 


^(- + 2) 






-1(4^-1) 


1(2^ + 1) 


l(--l) 



Considering the factors of Tableland the amplitudes of Tabled] for and u production 
together with the hadronization of ss and -^{uu + dd) components, we obtain the weights 
Wi for J/ip (j){u)V'V' (Table ED- For the K*°{892) production we have the ds matrix 
element of the matrix M, and the sd element for hadronization, which means we need 
now the (3, 2) element of the matrix V • V upon hadronization and, as a consequence, 
considering the states 



\K*p, 


I = 


1/2, /a = 


1/2) = 




^iP°^-), 


(17) 


\K*uj, 


I = 


1/2, /3 = 


1/2) = 


|K*°w), 


(18) 


\K*(f), 


I = 


1/2, /3 = 


1/2) = 


|K*V), 




(19) 



which are the building blocks of the -ft'2(1430) resonance, we obtain the weig htsWr 'for 
the J/ip K*^V'V' transition (Table S]). 

Table 4: Weights for the process J/ip K*°V'V' with V'V in isospin / = 1/2, Jg = 1/2. 



pK* K*u K*(t) 



2.1 Dynamical generation of the tensor resonances 



In Ref. [16] the resonances were obtained by solving the Bethe Salpeter equation in coupled 
channels to obtain the scattering matrix 



T = [1 - VG]-W (20) 

where V is the transition potential from V'V — > V'V and G is the loop function of two 
mesons given in [16j. Searching for poles of the amplitudes provides the mass and widtf0 
of the states as well as the coupling, gi, of the resonances to the different V'V channels, 
since close to the pole the amplitude behaves as 



9i9j 



Diagrammatically one is summing the diagrams of Fig. 



(21) 





R 



Figure 3: Diagrammatical representation of Eq. (!20|) . 

Hence the V'V production, upon consideration of the interaction of V'V , proceeds as 
shown in Fig. Hj the resonance contribution 'm. J/ip ^ (f)R can be depicted diagrammat- 




Figure 4: Production mechanism of (j) and two interacting vector mesons. 

ically as in Fig. |5l which involves the weights J/ip ^ (pVV, the G functions, or loop 
function of two meson propagators, and the couplings Qi of the resonance to the different 
V'V pairs. The couplings Qi and Gi functions for the different channels and resonances 
are obtained in [16] and we reproduce them in Table |5l We take the real part of the G 
functions once we realize that keeping the small imaginary part only induces minor correc- 
tions. The estimation of the theoretical errors has been done by changing some parameters 
of the theory according to the following rules: 

^One should note that the total width of these states is partly due to decay into two pseudoscalar 
mesons, non negligible mostly because of the large phase space for this decay, but the two pseudoscalar 
meson channels play a minor role in the generation of these resonances |16| . 
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v 



Figure 5: Selection of diagrams of Fig. H] that go into resonance formation omitting its 
final coupling to V'V . 

• The value of = ^y^. In Ref. |16], we have used the mass of the rho meson 
and the decay constant of the pion to derive the value for g^. An alternative is 
to use the average mass of the vector nonet and the average decay constant of the 
pion octet. In this way, one obtains a smaller value: ~ O.dAg^j. To estimate 
the uncertainties related to this parameter we use a smaller value for this coupling, 
glj = 0.9gv, and change the values of the subtraction constants (which appear in 
the dimensional formulas for G in [16]) in the K*K* and pp channels to refit the 
experimental /2(1270) and /2(1525) masses (keeping the values of the subtraction 
constants of other channels unchanged). 

• The values of the subtraction constants. One can of course slightly change the values 
of the subtraction constants. Since the masses of the /2(1270) and /2(1525) are 
rather accurately determined, this implies that our modification of the values of the 
pp, K*K* subtraction constants must be small and the modification of those of the 
less important channels can be relatively large. More specifically, we can roughly 
change the values of the pp and K*K* subtraction constants by 2%, while changing 
those of the uju and 00 by 20% and 10%, respectively, to keep the masses of these 
two resonances within experimental errors. 

In a similar way, one can obtain the uncertainties inherent in the gi and Gi of the 
7^2*^(1430). 

In principle in Fig. [5] one should symmetrize the amplitudes for exchange in the case 
that V'V correspond to the 00 component. In practice the external and those in the 
loop iy') are kinematically very different and the symmetrization of the external with 
one V' is of minor relevance. This, together with the fact that the 00 components are 
small in the present case, as seen in Table justifies ignoring this issue. The same can be 
said for the case of an external uj. 

The final transition matrix for J /i}) ^ <Pi^, K*^)R is given by 

tj/^^^R = E w\^^G,g, (22) 

3 

and the same for J/ip ^ u{K*^)R, with the weights given by Tables [31 and [Hand the 
G functions and couplings given in Table [51 
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Table 5: Couplings and values of the loop functions for the different channels at the 
resonance energy. 







PP 


K*K* 


OJOJ 




pK* 










iUooi 


4771 


CT no 

—503 


— 771 













error gi{%) 


4 


3 


22 


22 











/2(1270) 


G,(xl0-3) 


-4.74 


-3.00 


-4.97 


0.475 













error 


10 


29 


42 


220 













di ^vie V ; 


— ZUi 1 


QRQ9 


9707 


— ^Ol i 


n 
u 


n 
u 


n 
u 




error gi[%) 


12 


6 


2 


2 











/2(1525) 


G,(xl0-3) 


-8.67 


-4.98 


-9.63 


-0.710 













error 


6 


17 


19 


141 













5,(MeV) 














10613 


2273 


-2906 




error gi[%) 














3 


5 


5 


^|°(1430) 


G,(xl0-3) 














-6.41 


-5.94 


-2.70 




error 














12 


19 


43 



3 Results 

The J/ip decay widths are given by 



r 



(23) 



with q the momentum of the K*^) in the J/i/j rest frame. The experimental data that 
we use are given in Table |6] . 

Table 6: Experimental branching ratios. 

Obtained from i?i?[x lO^^l 



J/V' ^ a;/2(1270) 

W 0/2(1270) 

J/ip a;/^(1525) 
J/^ -> 0/2(1525) 



PDG 
BES( [18]) 

PDG 
BES( [H]) 

PDG 



4.3±0.6 
0.27±0.06 

<0.2 
0.82±0.12 

3.0±0.3 
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For the branching ratios of J/V^ ^ u;/2(1270), J/^ ^ w/^(1525) and J/^ -> ir*°ir*°(1430) 
we have taken the well established PDG data [17J. For the J/ip — > 0/2(1270) and 
J /ip — )■ 0/2(1525) branching ratios we have instead taken the most recent data from the 
BES collaboration [18]. The data from the DM2 collaboration [19] depend upon assump- 
tions of possible interference with other resonances, but in all cases the ratio of these two 
rates, which is what we need for our work, is similar to those obtained by BES [18j. The 
ratios obtained from [20], after comparison of different data, are of the same order of mag- 
nitude but with larger uncertainties. For our fit we have taken the results from the most 
recent data of BES [18]. For the J /tp — )• 07/2(1525) branching ratio the PDG quotes a 
value BR < 0.2 x 10"'^. Once again BES [21] has recent data for that, from where one 
induces that the branching ratio is around 0.2 x 10^'^ with uncertainties that could be as 
large as 50%, which is the error assumed in Table [7] when we perform a fit to the data 
evaluating x^. Assuming this large error guarantees a smaller weight of this datum, not 
precisely known experimentally, in the global fit. 

In order to get the different decay rates we fit the only parameter we have, v. Since we 
took T*^^'®^ = 1, thus fixing an arbitrary normalization, we can only obtain ratios between 
the partial decay rates. We choose the ratios 

^ rj/^^</,/2(1270) ^ rj/^^^j^(i270) ^24^ 
m = t; , -K4 = ■ l^oj 

J- J/i/'-s></'/2(1270) J- J/V'-s>a;/2(1270) 

Upon minimization of the function we obtain an optimal solution with the value of 
the parameter u = 1.45. The theoretical results are given in Table [7] and compared to 
the experimental brackets. The errors in Table [7] have been estimated taking the errors of 
Tableland summing in quadrature the errors of the terms in Eq. (122|) . 

Table 7: Comparison between the experimental and the theoretical results. 



Experiment Theory 



Ri 


0.22 


- 0.47 (0.33t[J:lt) 


0.13 


- 0.61 (0.28i°:?i) 


R2 


12.33 - 


49.00 (21.50i^^if ) 


2.92 - 


- 13.58 (5.88^^:^^) 


R3 


11.21 - 


- 23.08 (15.85il:i) 


6.18 - 


19.15 (lomtl^) 


R4 


0.55 


- 0.89 {0.70to\l) 


0.83 


- 2.10 (1.33;°iS) 



The overall agreement with data is reasonable. We obtain four independent ratios with 
just one parameter. On the other hand this parameter can be related to A,^ of [T] as done 
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OS 




Figure 6: Comparison with data (gray shaded areas) of -Ri, R2, R3, and R4 calculated 
with Eqs. fl2^ |25|) . The vertical solid red line indicate u = 1.45 and the blue shaded areas 
indicate the range of values for Ri, R2, R3, and R4 as a function of u. 



in [2] through 



Z/ + 2 



(26) 



which provides a value of = 0.18, very close to the one obtained in PQI2], = 0.13—0.20. 
This relationship is readily obtained dividing the two terms in the (j) production column 
of Table [H Although we have different physics than in [Tl|2] since we have the production 
of pairs of vectors rather than pseudoscalars, and we have also tensor states rather than 
scalars, it is gratifying to see that the value of A^, which is a measure of the subdominant 
mechanism of Fig. ^ in J/ijj ^ (pV'V, is a small number, comparable in size and sign to 
the one obtained in [HIS]- 

We have shown the results obtained for the value of u that provides the best fit to 
the data. It is also interesting to show how the theoretical results and their uncertainties 
change with the parameter u. This is shown in Fig. |6] (note different scales for the different 
ratios). What we observe there is that with large values of u the agreement for R2 is spoiled, 
while for smaller values of u the ratio R4 becomes incompatible with the data. 

The success in the description of the experimental data is by no means trivial and 
can be traced back to the particular couplings of the resonance to the V'V states. Note 
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Figure 7: Comparison with data (gray shaded areas) of Ri and R2 calculated with Eqs. 
(!24|) by changing the sign of the pp coupling to the /2(1525) in Table [5]. The blue shaded 
areas indicate the range of values for Ri and R2 as a function of the u parameter. 

that the important couplings to pp and K*K* have the same relative sign for the /2(1270) 
and opposite relative sign for the /2(1525). This feature is essential to the success of the 
results. Should all the couplings have the same sign it would have been impossible to get 
any reasonable fit to the data. As an example, in Fig. [71 we give the results that we would 
obtain if we change the relative sign of the pp and KK* couplings to the /2(1525) (we 
take now g = 2611 MeV for the pp coupling in Table [5]). While the ratio -Ri would still 
be compatible with the data, the ratio R2 is now within 0.50-1.41, an order of magnitude 
smaller than the lower value of the experimental interval. 

4 Conclusions 

We have carried out an evaluation of the rates of the J/ip — ^ 0(i^)/2(127O), J/ip ^ 
0(w)/^(1525) and J/^ ^ K*^{%92)Kf{im) decay modes of J/^). The basic element 
to perform the calculations was the assumption that these tensor states are all dynami- 
cally generated from the vector-vector interaction provided by the hidden gauge formalism, 
upon unitarization in coupled channels. In a previous work, where these states were ob- 
tained with this formalism, the couplings of the resonances to the pairs of vector-vector 
building blocks were evaluated and we have used these results here. Another ingredient 
necessary in the present work was the evaluation of the primary weights for J/ip decay 
into 0, w, ii'*''(892) plus a pair of the vector building blocks of the resonances. This was 
accomplished by taking the J/ip as a singlet of SU(3) and considering ideal mixing for the 
and u states. The results obtained for the four independent ratios of the rates are in 
reasonable agreement with experiment. The success of this comparison with ratios, which 
vary in one or two orders of magnitude from one to another, is by no means trivial. It 
sensibly depends upon the strength and the signs of the couplings of the resonances to 
the different vector-vector channels. Our study shows that the theoretical results obtained 
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from the idea of these tensor mesons being dynamically generated from the vector-vector 
interaction are compatible with present data. However, we should keep in mind that the 
experimental uncertainties are still large, and further accuracy on the data would be most 
welcome to provide a more stringent test on the theoretical approach. 
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